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Abstract 
This paper proposes a 3D optical interconnect system with the integration of a pair of 1D parabolically Graded Index 
(GRIN) lens to collimate light for free space propagation in order to reduce loss. High quality thick fluorine-doped 
silica film for the 1D GRIN lens is deposited by a HC-PECVD system. Its periodical refocusing character was tested 
by fluorescence technique. A novel fabrication technique has been developed to overcome the challenges of 
integrating the lens with facing-down 45q micro-mirror. The integrated 3D-optical interconnect system is tested and 
results show a 25dB loss improvement over the system without lens. 
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1. Introduction 
Out-of-plane optical propagation in free space is needed in order to create optical paths between two 
planar surfaces at different planar levels, in an optical interconnect system within a 3D stack of dies. This 
can incur considerable loss. Techniques for minimizing the free space propagation loss by interposing 
various optical focusing elements include the use of micro ball lens [1], fluidic membrane lens [2], planar 
PDMS lens [3], and polymer lens [4]. However, these methods require separate assembly processes and 
are not compatible with planar waveguides. 
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In order to address this issue, a novel planar silica lens was proposed [5] and fabricated [6]. It consists 
of a parabolic refractive index profile in the silica film to focus light in the vertical plane, as well as a 
convex front face to focus light in the horizontal plane. This paper introduces a novel fabrication 
technique to overcome the challenge of integrating the lens with facing-down 45q micro-mirror. The 
integrated 3D-optical interconnect system is tested and results show a 25dB loss improvement over the 
system without lens. 
In our previous research, a novel stacked-die optical interconnect prototype system without the lens 
pair was reported [7]. In order to reduced its free space loss, an improved optical interconnect system with 
integration of GRIN lens pair is proposed on Fig. 1. 
.  
 
 
 
  
 
 
 
 
 
 
 
Fig. 1. Schematic view of planar silica GRIN lens in 3D optical interconnect system. 
2. High quality thick fluorine doped silica films deposition 
A HC-PECVD system is used to deposit the thick low stress fluorine doped silica (SixOyFz) films for 
fabrication of the planar silica GRIN lens. The developed processes is capable of producing very low 
stress thick fluorine doped silica film and deliver repeatable fluorine doping to create a parabolic index 
profile through the depth of the silica film. The optimal deposition condition for our specific application 
is shown on Figs. 2(a) and (b). 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Fluorine doped silica film PECVD deposition: (a) refractive index as a function of CF4 flow rate; (b) film stress as a 
function of CF4 flow rate 
 
Wafers were cleaved and cross-sectional view taken by SEM micro-imaging to study the quality of the 
deposited thick silica film. Fig. 3 shows a 91 Pm GRIN silica layer deposited on the silicon surface. The 
deposition is uniform along the entire wafer surface. The measured average residual stress was only 8 
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MPa (tensile). Fluorescence technique was used to demonstrate the periodic refocusing of the graded 
index profile, as shown on Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. SEM cross-sectional view of thick fluorine-doped graded index silica layer deposited by HC-PECVD. 
 
 
Fig. 4. Periodic refocusing of the graded index layer by fluorescence technique. 
 
 
3. Fabrication techniques of lens integrated facing-down 45q micro-mirror  
One of the most difficult challenges is to integrate the lens with facing-down 45q micro-mirror. The 
fabrication process is described in Fig. 5.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Fabrication process flow for silica lens integrated with facing-down 45q micromirror. 
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4. Fabrication results and discussion 
Fig. 6 (a) is the SEM image showing the fabricated facing-down 45q micro-mirror with integration of 
1D planar silica lens. Fig. 6 (b) shows the backside view of facing-down 45q micro-mirror. The total 
optical loss in the 3D optical system is measured to be 8.5dB. This is an improvement of more than 25dB 
and demonstrates the effectiveness of the planar silica GRIN lens in reducing optical loss in 3D optical 
interconnect systems. 
 
 
                                    (a)                                                                                (b) 
Fig. 6.  (a) SEM image of silica planar GRIN lens integrated with facing-down 45q micro-mirror; (b) backside view of facing-down 
45q micro-mirror 
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